A common method of rapid transfusion in neonates and infants is to manually inject an appropriate volume of blood using a syringe connected to a 3-way tap in the infusion tubing. We measured the maximum infusion rates this technique could generate through small bore cannulae (22 ga-25 mm, 24 ga-19 mm), and compared the efficiency of a range of syringe sizes. We also compared infusion rates generated by this technique with those obtained using a pressure pump chamber in the giving set. The manual syringing technique using a 10 ml syringe was the most efficient for all the fluids tested, providing infusion rates through the 22 ga cannulae of 64 mllmin for packed cells, 73 mllmin for whole blood and 105 mllmin for 0.9% saline.
Rapid transfusion of blood and blood products is often required during major surgery or following trauma. A common method of rapid transfusion in neonates and infants is to manually inject an appropriate volume of blood using a syringe connected to a 3-way tap in the infusion tubing. ' We measured the maximum infusion rates of whole blood, packed cells and 0.9% saline that this technique could generate through small bore cannulae and compared the efficiency of a range of syringe sizes. We also compared infusion rates generated by this technique with those obtained using a pressure pump chamber in the giving set.
METHOD
A number of packs of recently expired whole blood and packed cells were obtained from the Red Cross Blood Transfusion Service. Six infusion sets were prepared; two of whole blood, two of packed cells and two of normal saline (Travenol Laboratories, Australia). All the fluids were at room temperature (22 QC). The first bag of each fluid was connected by a standard giving set incorporating a pressure pump chamber (Tuta Laboratories, Australia), to a 24 ga-I9 mm cannula (Angiocath, Deseret Medical Inc., Utah, U.S.A.), while the second was connected in a similar manner to a 22 ga-25 mm cannula (Angiocath). A 3-way tap (Pharmaseal Inc, Toa Alta, Puerto Rico) and a 10 If extention tube (Tuta Laboratories, Australia) were placed proximal to each cannula as in Figure 1 . Each cannula emptied into a collection jar. All the fluid bags were attached at the same height (1 metre) above the cannulae. 5 ml, 10 ml, 20 ml, and 50 ml syringes (Terumo Australia Pty. Ltd., Australia) were supplied with each infusion set. Five infusion techniques were tested. Four involved manual syringing with different sized syringes while the fifth employed the pressure pump chamber of the giving set. Six volunteer anaesthetists infused as much fluid as possible in a sixty-second period, using each infusion technique at each infusion set. Each period was timed by a stopwatch and the fluid collected was measured in a graduated cylinder.
The volunteers were not aware of each others' performances and the order of the measurements was at random. Each volunteer was allowed ample time to practise and the better of two attempts was recorded for each combination of fluid-cannula-infusion technique. On completion of the measurements there were six results for each combination. Mean and standard deviations were then calculated and differences statistically analysed using Student's 't' test.
RESULTS
Mean maximum infusion rates ranged from 22.2 mllmin for packed cells being infused through a 24 ga cannula using the pressure pump chamber, to 105.8 mllmin for normal saline being infused through a 22 ga cannula using the manual syringing technique with a IOml syringe (Table 1) . The manual syringing technique with a IOml syringe was the most efficient for all the fluids, providing significantly higher infusion rates than the 5ml syringe, the 50 ml syringe and the pressure pump chamber ( Table 2 ). The 20ml syringe was only marginally less efficient than the IOml syringe.
DISCUSSION
Blood replacement in paediatric patients presents several problems during surgery or resuscitation. Neonates and infants have a higher cardiac output to blood volume ratio than adults I and major haemorrhage can be relatively more catastrophic. The volume transfused must be closely monitored as although hypovolemia must be avoided, hypervolemia due to overtransfusion is also undesirable. As such, pressurised infusion systems 2 (Fenwal bags) are unsuitable. The rate of transfusion is also limited by the size of the venous access which may be only a single 22 ga or 24 ga cannula. Although there is extensive literature on the problems and management of massive blood transfusion in both adults and children, l.4 there is little information on the technique and ergonomics of rapid transfusion in neonates and infants. Most paediatric anaesthetic texts recommend manual syringing but none supplies data in support of its recommendation. In particular it has been unclear which syringe size to use, as although larger syringes need to be refilled less frequently, they also provide a greater resistance to emptying than smaller syringes with the same diameter orifice. 5 The results of this study give a guide to the maximum infusion rates to be expected when using the more common combinations of fluid and infusion technique through small bore cannulae. The results show that infusion rates through 22 ga-25 mm cannulae are generally 20-50070 greater than through 24 ga-19 mm cannulae and that infusion rates of normal saline are higher than whole blood, which in turn are higher than packed cells. The results also demonstrate that the manual syringing technique provides higher infusion rates than a pressure pump chamber and that a 10 ml syringe is the most efficient. However, these results were obtained under optimum conditions, and the use of cold blood 6 • 7 or warming coils 1 will reduce infusion rates in clinical practice. High venous pressure in the patient will also reduce flow rates. 8 The manual syringing technique has other advantages. It is cheap, simple to assemble and provides a port for the removal of air entrained into the infusion line. Nevertheless, care should be exercised during rapid syringing to avoid injection of even the smallest quantity of air into the patient. A lOO ml burette should also be placed proximal to the giving set, and a record kept each time it is refilled. so that the total volume infused can be accurately monitored.
We recommend obtaining as large a venous access as possible when blood transfusion is anticipated. However, if rapid transfusion is necessary through small bore cannulae, manual syringing with a 10 ml syringe will provide the highest infusion rate.
